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COMMUNICATIONS SYSTEM 

The present invention relates to radio access bearers which are aligned with 
both the GSM/EDGE RAN (GERAN) and UMTS RAN (UTRAN). 

5 

Broadly speaking telecommunications services are divided into two categories 
these are bearer services and tele services. Bearer sen/ices allow a user to 
access various forms of communications such as asynchronous circuit 
switched data service interworking with the public switched telephone network 

10 (PSTN) or packet switched synchronous data service interworking with the 
packet switched public data network (PSPDN). Tele services on the other 
hand allow a user to access various forms of applications such as transmission 
of speech, short messaging sen/ices and facsimile transmissions. Such bearer 
services are currently adopted in the universal mobile telecommunications 

15 system (UMTS). This UMTS network is composed of four sub-networks the 
access network, the core network, service mobility control network and the 
telecommunication management network. Of these the access network is 
responsible for basic transmission and switching functions required to enable a 
mobile station (MS) to access a fixed network resource over the radio interface 

20 (U m interface). 

Bearer sen/ices (bearers) which allow a user to access various forms of 
communication over the UMTS radio access network (RAN) are already well 
defined. 

25 

An alternative to the UTRAN is GERAN. As GERAN develops new radio 
access bearers are defined. Since the GERAN will connect to a core network 
common with UMTS it is required that the bearers offered by GERAN are 
aligned with those of UTRAN. The following traffic classes are then to be 
30 supported in order to fulfil the service requirement. These traffic classes are 
the types of traffic which will occur over the RAN between the access network 
and the core network of the mobile telephone system. 



CONFIRMATION COPY 
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Conversational Traffic 

Real time conversation schemes are characterised by the fact that the transfer 
time must be low because of the conversational nature of the scheme and the 
5 at the same time that the time relation (variation) between information entities 
of the stream must be preserved in the same way as for real time streams. 
Therefore the limit for acceptable transfer delay is very strict since failure to 
provide low enough transfer delay will result in an unacceptable lack of quality. 
The transfer delay requirement is therefore both significantly lower and more 
10 stringent than the roundtrip delay of the interactive traffic case set out below. 

Streaming Traffic 

This one way scheme is characterised by the fact that the time relations 
15 (variation) between information entities (i.e. samples, packets) within a flow 
must be preserved, although it does not have any requirements on low transfer 
delay. The delay variation of the end to end flow must be limited, to preserve 
the time relation (variation) between information entities in the stream. 

20 Interactive Traffic 

When the end-user is online requesting data from remote equipment this 
scheme applies. Interactive traffic is characterised by the request response 
pattern of the end-user. At the message destination there is an entity expecting 
25 the message (response) within a certain time. Roundtrip delay time is therefore 
one of the key attributes. Another characteristic is the fact that the content of 
the packets must be transparently transferred (with low bit error rate). 

Background Traffic 

30 

When the end-user sends and receives data files in the background this 
scheme applies. Examples are background delivery of emails, SMS, download 
of databases and reception of measured records. Background traffic is 
characterised by the fact that the destination is not expecting the data within a 
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certain time. This scheme is thus more or less delivery time insensitive. 
Another characteristic is that the content of the packet must be transparently 
transferred (with low bit error rate). 

5 The main distinguishing factor between these various traffic classes is how 
delay sensitive the traffic is. Conversational class traffic is meant for traffic 
which is delay sensitive while background class traffic is the most delay 
insensitive traffic class. Conversational and streaming classes are mainly 
intended to be used to carry real time traffic flows. Interactive class traffic and 
10 background traffic are mainly meant to be used by traditional internet 
applications like WWW, email, telnet, FTP and news. Due to looser delay 
requirements compared between conversation and streaming classes both 
provide better error rates by means of channel coding and retransmissions. 
These traffic classes are further detailed in UMTS 23.107. 

15 

In view of the common usage of the UMTS core network in the communication 
protocols used to create GERAN, radio access bearers should also be built as 
in UMTS where combinations of different modes of protocols in one single 
stack provide a large set of bearers. 

20 

Communication protocols are the sets of rules which users adopt when 
establishing sen/ices and transferring data. Protocols permit the setting up and 
management of connections and are also needed to enable reliable 
communications. The functions which are provided by the communication 
25 protocols are well described but their implementation is not. A model which 
describes the functions provided by the communication protocols contains 
several layers. These are called protocol stacks. 

Figure 1 shows a user plane protocol stack 10 suitable for use with the GERAN 
30 in which each layer includes different modes. The stack includes a physical 
layer 1 1 which is analogous to the physical layer of a UMTS access network 
protocol stack, a media access control (MAC) layer 12 which corresponds to 
the data link layer of a standard UMTS stack, a radio link control (RLC) layer 13 
corresponding to the UMTS stack network layer and a packet data 



WO 01/61899 




PCT/EP01/01839 



convergence protocol (PDCP) layer 14 corresponding to the application layer of 
the UMTS stack model. 

If the MS is not fully internet protocol (IP) based cr it is desired to use GSM 
circuit mode one element will have to take care of translation of circuit mode 
data to/from IP/User Datagram Protocol (UDP)/Real Time Protocol (RTP) 
packets and translation of 04.08 signalling to/from some IP-based signalling 
(e.g. H.323). Such a function is most probably only required for conversational 
and streaming traffic classes. Consider an example, where a data spurt is 
transmitted between the endpoints of a connection in data packets. The data 
blocks produced by an application can be encapsulated into data packets of 
certain transmission protocols. The Real Time Protocol (RTP) is an example of 
a packet data protocol that can be used for applications which do not tolerate 
delays. The data blocks are encapsulated into RTP protocol packets by 
placing the data blocks themselves into a payload of the packets and by adding 
suitable headers to the data blocks. Some protocols may need some 
information also in the end of the protocol packet. 

The RTP data packets may be transmitted using User Datagram Protocol 
(UDP), which may be run on Internet Protocol (IP). UDP and IP add their own 
headers to the data packets. The data packet delivered to a link layer protocol 
therefore typically consists of the original payload and many headers. The link 
layer protocol may perform header stripping for example the protocol headers 
typically contain various fields, whose content does not change from packet to 
packet. The result of the header stripping is called header stripping residue, 
and it is the information that needs to be transmitted for a certain packet or 
group of packets to allow the receiving end to construct the packet headers 
again. The header stripping can be performed on each data packet similarly, or 
it maybe performed, for example, on the first data packet and then the content 
of the headers of the next data packets is determined using the information of 
the headers of the first data packet. 

For the protocol combination RTP/UDP/IP the header stripping result typically 
contains at least the sequence number (SN) of the RTP packet, the time stamp 
(TS) of the RTP packet and the marker (M) bit of the RTP packet. It is possible 



WO 01/61899 




PCT/EP01/01839 



that only a certain offset of these needs to be transmitted for updating. 
Information related to the UDP and IP headers can be determined 
straightforwardly after the first UDP/IP packets of the connection have been 
transmitted to the receiving end. Once the header stripping residue and the 
5 payload of the data packets are transmitted over the radio access network, a 
network element on the other side of the radio access network can reconstruct 
the RTP/UDP/IP packets using the header stripping residue and the transmitted 
payloads. Typically the protocol packets are transmitted without the headers 
over the ratio interface, the network element reconstructing the headers and 

10 protocol packet can be, for example, either a mobile station or a base station 
controller (BSC), depending on the transmission direction. Especially in a 
receiving mobile station, which typically does not forward the data packets to 
other network elements, the reconstruction of headers does not have to mean 
that a data structure corresponding to the header is constructed explicitly. It 

15 maybe enough that the header stripping residue and the payload of the data 
packet is forwarded via the IP/UDP protocol layer to RTP layer. In the IP/UDP 
layers, for example, only some counters related to the IP/UDP protocol packet 
sequence number may be incremented. 

It would also be advantageous for several radio access bearers to be allowed 
20 which could be used simultaneously with single user equipment. This can be 
used to provide support for multiple quality of service (QoS) profiles in parallel. 
This helps maintain the communication quality under various traffic conditions. 

A number of multiplexing scenarios must also be considered in providing radio 
25 access bearers for the GERAN. These are set out below. 

Operational Scenario 1 fOSD 

Permanent allocation of a channel to a voice call (conversational) without any 
30 multiplexing capability. 

Operational Scenario 2 (OS2) 
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Permanent allocation of a channel to a voice call (conversational traffic class) 
and multiplexing of best effort data from the same user (background traffic 
class). 

5 Operational Scenario 3 (OS3) 

Permanent allocation of a channel to a voice call (conversational traffic class) 
and multiplexing of best effort data from different users (background traffic 
class). 

10 

Operational Scenario 4 (OS4) 

Allocation of a channel to more than one voice user (and/or data users) in a 
dynamic manner. 

15 

Various attempts have already been made to provide radio access bearers 
aligned with both GERAN and UTRAN. These systems have however suffered 
from a number of drawbacks. 

20 One proposed solution provides a system which does not reuse circuit switched 
traffic channels. The distinguishing feature of a circuit switching system is the 
exclusive use of a channel of preset bandwidths which is dedicated to the use 
of two users for the duration of a call. For example in the radio access network 
of the Global System for Mobile communications (GSM) the bi-directional circuit 

25 switching channel is reserved for each call. The transmission capacity of the 
bi-direction channel is the same in both directions i.e. uplink and downlink. 
Since during a voice call channels are active for only about 40 to 50% of the 
time this is an inefficient use of the channel. 

30 In addition no diagonal interleaving has been provided in the transfer of 
information. This reduces the effectiveness of error correcting codes and 
makes data loss more likely. 
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Furthermore proposed solutions do not provide a half-rate packet switched 
channel. Packet switching is based on the idea of message switching. A 
message or group of data is formed with a header and end-of-message portion. 
The message is stored in a buffer at each switch where the header is decoded 
5 and the next node in a route is determined. A half-rate packet switched 
channel allows each channel to be divided into two sub-channeis thereby 
providing increased traffic potential. This makes use of so-called half-rate 
codecs (i.e. a codec giving toll quality speech at 8kb/s) which helps improve 
spectral efficiency or user density for the allotted channel spectrum. 

10 

In a similar manner no quarter rate circuit switched channel has been provided. 
This has the drawback that the advantages of quarter rate codecs which have 
been developed cannot be utilised. 

15 Another drawback of prior systems has been the lack of associated control 
channel (ACCH) considerations. These control channels carry signalling or 
synchronisation data and are well known in telecommunications systems. Four 
categories of control channels are used. These are known as the broadcast 
control channel (BCCH), the common control channel (CCCH), the stand alone 

20 dedicated control channel (STDCCH) and the associated control channel 
(ACCH). These ACCHs will be described in more detail hereinbelow. 

It is therefore an object of the present invention to provide GERAN radio 
access bearers which at least partly accommodate the requirements listed 
25 above. Advantageously the present invention has as a further object to at least 
partly avoid the drawbacks provided by other prior GERAN radio access 
bearers. 

According to one aspect of the invention there is provided a communications 
30 system comprising a first station capable of communication with a second 
station over a wireless channel, data being carried over the wireless channel in 
superframes, each superframe comprising a plurality of frames and each frame 
comprising a plurality of timeslots; 
the system having: 
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a first mode of operation in which a full rate data channel for circuit switched 
communications is defined by the allocation to that data channel of 
corresponding time slots in each frame; 

a second mode of operation in which two half rate data channels for circuit 
5 switched communications are defined by the allccation to each of those data 
channels of an equal number of corresponding time slots of frames in each 
superframe; and 

a third mode of operation in which four quarter rate data channels for circuit 
switched communications are defined by the allocation to each of those data 
10 channels of an equal number of corresponding time slots of frames in each 
superframe. 

According to a second aspect of the invention there is provided a 
communications system comprising a first station capable of communication 

15 with a second station over a wireless channel, data being carried over the 
wireless channel in superframes, each superframe comprising a plurality of 
frames and each frame comprising a plurality of timeslots; 
the system having a mode of operation in which a data channel for circuit 
switched communications is defined by the allocation to that channel of 

20 corresponding time slots of some of the frames of each superframe, and a data 
channel for packet switched communications is defined by the allocation to that 
channel of corresponding time slots of other of the frames of each superframe. 

Preferably equal numbers of time slots in each frame are allocated to the data 
25 channel for circuit switched communications and the data channel for packet 
switched communications. Alternatively, half or a quarter of the number of slots 
that are allocated to the data channel for packet switched communications may 
be allocated to the data channel for circuit switched communications. 

30 The data channel for circuit switched communications may be a half rate data 
channel or a quarter rate data channel. The data channel for packet switched 
communications may be a half rate data channel. 
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9 

Control data for control of the data channel for packet switched 
communications is preferably carried by the data channel for circuit switched 
communications. That control data may be for control of transmission power 
and/or handover of the channel. The control data may comprise a fast access 
5 control channel and/or a slow access control channel. 

The data channel for circuit switched communications may be a conversational 
channel. The data channel for circuit switched communications may be a 
background channel. The data channel for packet switched communications 
10 may be allocated time slots during periods when the data channel for circuit 
switched communications is relatively inactive, for example during lulls in 
speech data being carried by means of the data channel for circuit switched 
communications. 

15 In the above aspects of the invention a data channel for circuit switched 
communications may carry data as a circuit switched connection or otherwise. 
The circuit switched channel is preferably capable of operation via a circuit 
switched core network of the communication system 

20 According to a third aspect of the invention there is provided a communications 
system comprising a first station capable of communication with a second 
station over a wireless channel, data being carried over the wireless channel in 
superframes, each superframe comprising a plurality of frames and each frame 
comprising a plurality of timeslots; 

25 the system having: 

a first mode of operation in which a full rate data channel for packet switched 
communications is defined by the allocation to that data channel of 
corresponding time slots in each frame; 

a second mode of operation in which two half rate data channels for packet 
30 switched communications are defined by the allocation to each of those data 
channels of an equal number of corresponding time slots of frames in each 
superframe. 
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The or each full or half rate data channel for packet switched communications 
may be a streaming, interactive or background channel. The or each full, half 
or quarter rate data channel for circuit switched communications may be a 
conversational channel. 

5 

The system may be operable according to the GSM specification or a derivative 
thereof, such as the GERAN system. 

The wireless channel preferably carries data by means of 8-fold phase shift 
10 keyed modulation (8PSK). 

Embodiments of the present invention provide several advantages over prior 
solutions. Firstly the radio access bearers are compatible with and thereby fulfil 
the design requirements of release 2000. This represents the next generation 
15 of telecommunication networks. 

Secondly the reuse of already specified channel coding of adaptive multi-rate 
(AMR) speech traffic channels for conversational traffic classes and circuit 
switched data traffic channels for streaming traffic classes is provided for. 

20 

Thirdly embodiments of the present invention allow circuit switched and packet 
switched channels to be multiplexed within the same time slot. This enables 
the conversational and interactive traffic classes to coexist within the same time 
slot. 

25 

Fourthly embodiments provided for a quarter rate circuit switched traffic 
channel thus taking advantage of quarter rate codecs which are available. 

Fifthly embodiments of the invention allow for the reuse of already specified 
30 associated control channel of circuit mode (in particular slow associated control 
channels (SACCH) and fast associated control channels (FACCH) for 
conversational and streaming traffic classes. 
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11 



Furthermore embodiments provide that when packet data of the same user is 
multiplexed within the silent periods of a speech traffic channel (conversational 
traffic class) the packet data will use for control the SACCH and FACCH 
channels of the speech traffic channel as well. 

5 

Still further embodiments provide half rate packet switched traffic channels to 
increase multiplexing capabilities. 

Embodiments of the present invention will now be described hereinafter with 
10 reference to the following drawings in which: 

Figure 1 shows a user plane protocol stack suitable for use in GERAN; 

Figure 2 shows a full rate traffic channel; 

Figure 3 shows a half rate traffic channel; 
15 Figure 4 shows a quarter rate traffic channel; 

Figure 5 illustrates FACCH mapping on full rate channels; 

Figure 6 shows FACCH mapping on half rate channels; 

Figure 7 shows FACCH mapping on quarter rate channels; 

Figure 8 shows a full rate packet channel; 
20 Figure 9 shows a half rate packet channel; 

Figure 10 illustrates conversational radio access bearers; 

Figure 1 1 illustrates streaming radio access bearers; 

Figure 12 illustrates interactive radio access bearers; and 

Figure 13 illustrates background radio access bearers. 

25 

In the drawings like reference numerals refer to like parts. 

The protocols used to create the radio access bearers are built as in UMTS 
where combinations of different modes of protocols in one single stack provide 
30 a large set of bearers. The protocol stack to be used is depicted in Figure 1 
each layer of which includes different modes. The different modes of each 
layer are identified below. 



Packet data convergence protocol (PDCP) 
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Transparent with removal of RTP/UDP/iP header. Bearer sen/ices can be 
transparent or non-transparent. Transparent services provide error protection 
only via forward error correction (FEC). On the other hand non-transparent 
5 services have the additional protection of automatic repeat request (ARQ). 
This is provided in the radio link protocol which gives improved data integrity. 

Non-Transparent with header adaptation (header stripping or header 
compression). 

10 

Non-transparent without header adaptation. 
Radio Link Control (RLC) 
15 Transparent 

Unacknowledged 
Acknowledged 

20 

Media Access Control (MAC) 

Dedicated: no user identification is included allowing only one user per 
channel. However whenever this continuous transmission (DTX) occurs, data 
25 packets from the same user can be transmitted. The function of the DTX is to 
suspend radio transmission during silence portions in a speech channel. 
Normally this is used to help prevent interference and increase capacity of the 
system. By transmitting data packets during the silent portions system capacity 
can be further increased. 

30 

Shared: the same channel can be shared between several users. 



Physical (PHYS) 
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Modulation: a modulation process is used to convert channel coded speech or 
data into a type suitable for transmission over the radio channel. Effectively 
modulation makes it possible to transmit binary information on analogue 
carriers. During modulation a bit or group of bits is translated into rapid 
5 changes in state such as changes in amplitude or frequency. Presently 
Gaussian minimum shift keying (GMSK) and eight phase shift keying (8PSK) 
are defined for use with the GERAN. Speech transmission uses only GMSK 
whereas data can be conveyed using 8PSK or GMSK modulation. In phase 
shift modulation the phase of a signal is shifted differently relatively to the 
10 previous phase (e.g. plus 90% for zero and plus 270% for one). 

Channel coding: because of electromagnetic interference encoded speech 
and data signals transmitted over the radio interface must be protected from 
errors. Convolutional encoding and block interleaving are used to achieve this 

15 protection. In particular two different error protection mechanisms which 
perform convolutional encoding exist within the GSM specification. Unequal 
error protection (UEP) which treats the bits of a signal with different channel 
coding depending upon the class of bit (class 1 a bits are most sensitive to bit 
errors, class 1b bits are moderately sensitive whilst class II bits are least 

20 sensitive to bit errors). Equal error protection (EEP) uses the same channel 
coding for all data information. 

Channel rate: a traffic channel is used to carry the speech and data traffic. 
Traffic channels are defined using a 26 frame multi-frame as will be described 
25 in more detail herein after. Out of the 26 frames 24 are used for traffic. These 
are the full rate traffic channels. Some half rate and quarter rate channels are 
also provided. It will be understood that the present invention is not limited to 
frames and multi-frames of this configuration. 

30 Interleaving: as mentioned above interleaving is used to protect data from 
errors occurring during transmission. After encoding interleaving steps are 
carried out to interleave the various signal bits with encoding indices to form an 
interleaved sequence. If an error occurs in part of that sequence the remainder 
can be utilised to reconstruct the correct data. Interleaving can be diagonal 
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(diag) or rectangular (rect) and different interleaving depths can be used (19, 8, 
' 4, 2). The higher the interleaving depth the better the link levei performance 
however the longer the delay. 

5 Radio access bearers according to the present invention are selected from 
among the combinations of the different layers on offer. 

Mapping of the radio access bearers onto the physical layer can use two kinds 
of traffic channels as described above. These are the packet channels (PCH) 

10 and circuit switched channels (TCH). User data is not the only information 
which has to be carried through these channels over the air interface. 
Signalling messages must also be conveyed. These allow the network and MS 
to discuss the management of several issues such as resource and handover: 
When traffic is ongoing this signalling is done through the associated control 

15 channel (ACCH). However because^ af different requirements the way in which 
ACCHs are implemented differs for packet or circuit switched traffic channels. 
Various ACCHs are well defined for packet and circuit switched channels and 
some of these are identified and described below. In addition ACCHs for 
GERAN radio access bearers implemented in accordance with the present 

20 invention are described. 

ACCHs are bi-directional channels. In the downlink they carry control 
commands from the base station to the mobile station (MS) to control its 
transmitted power level. In the uplink they carry the status of the MS to the 

25 base station. SACCH is used in signalling the layer at least for measurement 
results during transmission from the MS to the network. The SACCH has the 
particularity that continuous transmission must occur in both directions. For 
that purpose in the MS to network direction measurement result messages are 
sent at each possible occasion when nothing else has to be sent. Similarly 

30 system information type 5, 6 and optionally 5 bis and 5 ter messages as are 
known in the art are sent in the network to MS direction in Ul frames when 
nothing else has to be sent. SACCH is used for non-urgent procedures, mainly 
for the transmission of the radio measurement data needed for handover 
decisions. 
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In every SACCH downlink block there exists ordered MS power level and 
ordered timing advance information. In every SACCH uplink block there exists 
actual MS power level and actual timing advance information. 

5 

In addition the SACCH conveys messages detailed in Annex A. Each SACCH 
block contains 1 84 information bits which are 456 bits encoded and interleaved 
over four bursts. One SACCH cycle is 480 ms. In other words the timing 
advance, power level and measurement reports can be updated every 480 ms. 
10 It will be understood that the present invention is not limited to blocks and bits 
of this configuration. 

The FACCH (also known as main dedicated control channel (DCCH)) facilitates 
urgent action such as handover commands and channel reassignment in 
15 intracell handovers. It is transmitted by pre-empting half or all of the 
information bits of the bursts of the traffic channel (TCH) to which it is 
associated. 

There are four alternative varieties of bursts used for transmission in GSMs. 

20 These are the norma! burst, F burst, S burst and access burst. Of these the 
normal burst is used to carry data and most signalling. It has a total length of 
156.25 bits consisting of two 57 bit information bits, a 26 bit training sequence 
used to synchronise the receiver with incoming information and to avoid the 
negative effects produced by multi-path propagation, 1 stealing bit for each 

25 information block (which indicates to the receiver whether information carried 
by a burst corresponds to traffic or signalling data), 3 tail bits at each end (used 
to cover the periods of ramping up and down of a mobile's power) and an 8.25 
bit guard sequence (used to avoid a possible overlap of two mobiles during 
ramping time). FACCH is used for various purposes such as call establishment 

30 progress, handover, subscriber authentication, DTMF, notification (for VGCS 
and VBS - instead of NCH) and paging (instead of PCH). 

FACCH can carry messages which are described in Annex A. Each FACCH 
block contains 184 information bits (or data bursts), these are 456 bits encoded 
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as SACCH, the interleaving depending on its associated channel (full rate or 
half rate). 

The enhanced fast associated control channel (E-FACCH) is a fast associated 
5 control channel introduced for ECSD. Each E-FACCH block contains the same 
information as FACCH (184 bits) and uses GMSK modulation. But the E- 
FACCH is mapped on full consecutive bursts instead of eight half bursts for 
FACCH in full rate. 

10 The enhanced in-band associated control channel (E-IACCH) is the in-band E- 
TCH/F associated control channel introduced for the fast power control (FPC) 
in ECSD. The BSS indicates to the MS via the SACCH channel the use of the 
FPC. The power control information is sent every FPC reporting period of 
length 4TDMA frames (20 ms). The three information bits are coded into 24 

15 bits which are mapped on the stealing symbols of four consecutive normal 
bursts. 

Even if the fast power control is activated, the normal power control (via 
SACCH) is always running. However the MS then ignores the power level 
20 commands from SACCH. 

The above-mentioned ACCHs are associated with circuit switched traffic 
channels. The following two ACCHs are associated with packet traffic 
channels. 

25 

Packet associated control channel (PACCH) conveys signalling information 
related to a given MS. The signalling information includes for example 
acknowledgements and power control information. The PACCH carries also 
resource assignment and reassignment messages, comprising the assignment 
30 of a capacity for PDTCHs and for further occurrences of PACCH. The PACCH 
shares resources with PDTCHs that are currently assigned to one MS. 
Additionally an MS that is currently involved in packet transfer can be paged for 
circuit switched services on PACCH. The messages which can be sent on a 
PACCH are listed in Annex A. 
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The PACCH is bi-directional. Each block contains 184 information bits which 
are 456 bits encoded and interleaved over four bursts (same coding as 
SACCH). Nevertheless PACCH does not have continuous transmission as 
5 SACCH does. 

Because of this continuous transmission a continuous update timing advance 
mechanism has been defined in GPRS. The timing advance can be updated 
through a channel of its own. This is called the packet timing advance control 
10 channel (PTCCH). A MS in packet transfer mode will be regularly requested to 
send random access bursts to the uplink to allow estimation of the timing 
advance. PTCCH is then used in the downlink to transmit timing advance 
information updates to several MSs. Table 1 below sets out the various control 
channels. 



15 





Circuit Channels 


Packet 


Measurement 


Channel 


SACCH 


PACCH 


Reports 


Update 


480 ms 


only if MS has to 

(i.e. NETWORK_CONTROL_ORDER = NC1 or NC2) 
rate controlled by NC_REPORTlNG_PERlOD — 7 
(min = 480ms / max = 6144ms) 


Timing 


Channel 


SACCH 


PTCCH | PACCH 


Advance 


Update 


480 ms 


1920ms | 20ms - free 


Power Control 


Channel 


SACCH j E-IACCH 


PDTCH (RLC/MAC Header) PACCH 




Update 


480 ms j 20ms 


20ms - free j 20ms - free 


Handover 




FACCH 


PACCH 

no handover as such but cell resefection 
- can be network or MS controlled 



Table 1. ACCH functions 



The table shows the associated control channels and update times for the 
20 various control procedures for both circuit switched and packet switched traffic 
channels. 
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In a manner somewhat similar to the above-mentioned existing examples 
GERAN radio access bearers make use of two different kinds of traffic 
channels. These are the circuit switched and packet switched channels. 

5 Circuit switched channels can be used for streaming and conversational traffic 
classes where constant real time data flew is required. There is of course 
some difference between the delay requirements of these two classes as the 
streaming traffic type has more relaxed requirements. From the physical layer 
point of view it means that the streaming traffic type allows longer interleaving 
10 to be used. 

The manner in which SACCH is mapped onto a physical channel does not 
depend upon the modulation used for data transfer neither upon traffic class. 
As mentioned above in respect of existing traffic channels (TCHs) the SACCH 
15 will be mapped over four GMSK bursts. 

The proposed SACCH mapping is depicted in Figure 2 which follows well 
known mapping procedures. The data burst modulation can be either GMSK or 
8PSK. 

20 

Figure 2 represents a multi-frame (or superframe) 20 which defines the full rate 
traffic channel (TCH/F). Each multi-frame comprises a group of 26 TDMA 
frames 21 0-25- Since the radio spectrum is a limited resource the bandwidth is 
divided up via frequency division multiple access (FDMA) and time division 

25 multiple access (TDMA) as is well known in the art. In particular FDMA 
involves the splitting by division of the 25 Mhz bandwidth into 124 carrier 
frequencies spaced 200 khz apart. Each of these is then divided in time via a 
TDMA scheme. The basic unit of time in the TDMA scheme is denoted as a 
burst period and lasts approximately 0.577 ms. Each TDMA frame 21 0 - 25 is 

30 divided into eight of these burst periods 22. Each TDMA frame 21 0-25 therefore 
consists of eight burst periods 22 which form a basic unit for logical channels. 
One physical channel is one burst period 22 per TDMA frame 21. The 
channels are defined by the number and position of that corresponding burst 
period. Throughout the following description the term "multi-frame'* will be used 



WO 01/61899 




PCT/EP01/01839 



19 



and is to be understood as a superframe, that is, a frame made up of multiple 
TDMA frames. Likewise the phrase "burst period" will be understood to 
represent a timeslot in the TDMA frame. 

5 Each of the eight burst periods 22 making up a TDMA frame comprises a 
156.25 bit normal burst including two data bursts as described herein above. 

Out of the 26 frames 21, 24 are used for traffic and can transmit data, one, the 
SACCH frame 23 is used for the SACCH. The final frame 24 is unused and is 

10 idle. In speech applications, the digitised speech is typically compressed using 
a certain speech coding method before it is transmitted over the radio interface. 
The amount of coded speech depends on the target speech quality and on the 
efficiency of the speech coding method. The coded speech is usually 
transmitted in speech frames, and a speech frame typically corresponds 

15 approximately to the duration of four TDMA frames. Within a full rate channel 6 
speech frames (120ms) correspond to the duration of 26 TDMA frames (24 for 
speech + 1 for SACCH + 1 for Idle). The speech -frames are channel coded 
with a suitable channel coding method; the choice of the channel coding 
method is usually affected by the transmission data rate of the communication 

20 channel reserved for the call. For full rate channel the number of bits of a 
channel coded speech frame is typically equal to or less than the number of 
bits carried by four radio bursts. Interleaving depth, which means over how 
many radio bursts a certain coded data frame is mapped, depends typically 
also on the transmission data rate of the communication channel. 

25 

Known half rate traffic channels (TCH/H) are depicted in Figure 3 which also 
follows existing SACCH mapping. Two sub-channels 30, 31 are shown each 
provided via a respective multi-frame 32, 33. Each of these multi-frames (or 
superframes) includes 26 TDMA frames however the sub-channel in each is 
30 provided via a burst period (T) in ever/ other TDMA frame 21 . In this case the 
SACCH for the sub-channel 31 makes use of the 25 th frame 21 2 s which would 
otherwise be idle. 
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A quarter rate traffic channel (TCH/Q) for use with circuit switched traffic 
channels is depicted in Figure 4. Four sub-channels 40, 41, 42, 43 are 
provided each of which is formed by a burst period T approximately every 
fourth TDMA frame. In order to provide a SACCH for each of the sub-channels 
5 one burst period is reserved once in every two multi-frames. Because of this 
the conditions required in order to transmit a satisfactory data rate over the air 
interface makes use in indoor environments and microcells preferable. Of 
course it will be understood that the present invention is not limited to such 
environments. In such an environment the user mobility is naturally reduced 
10 and therefore the SACCH rate can be decreased without any harmful effect on 
performance. 

As seen in Figure 4 the SACCH for sub-channel zero 40 is provided in TDMA 
frame 21 12 of multi-frame 44 0 . The following multi-frame 44 of TDMA frames 

15 for that channel does not include a SACCH burst period. Likewise for sub- 
channel 1, 41 which is formed by multi-frames 45 0 and 45 t which provide 
TDMA frames 0 to 51 the SACCH period is in TDMA frame 21 3 s- For sub- 
channel 2, 42 the SACCH period occurs at TDMA frame 21 25 of the multi-frame 
46 0 . There is no SACCH period required in multi-frame 46l In sub-channel 3, 

20 43 the SACCH period occurs in TDMA frame 21 51 in the multi-frame 47l There 
is no SACCH period provided in the multi-frame 47 0 . 

The provision of these four sub-channels requires no extra TDMA frames to be 
allocated other than pre-existing SACCH and other idle channels. 

25 

Since FACCH is involved in delay sensitive mechanisms such as assignment, 
notification, paging, handover or even in the transmission of ETMF signals, 
delay requirements can not be relaxed. For instance even if handover 
probability is quite low (for example in a good environment and with a user 
30 having a reduced mobility), it does not mean that FACCH delays can be 
increased. Actually other mechanisms using FACCH still have to be carried out 
and longer delays could cause problems in such situations. Thus the FACCH 
is based on an existing stealing mechanism where the pre-emption can take 
place at two different levels. These are the frame level where each FACCH 



WO 01/61899 




PCT/EP01/01839 



21 



block replaces data frame(s) and the Burst level where each FACCH block 
replaces four consecutive data burst by four GMSK burst (in ECSD only) 

The way traffic is effected depends on the interleaving used. In ECSD where 
relaxed delay requirements allow long interleaving, the stealing mechanism 
occurs at a burst level (four consecutive bursts stolen). Each data frame is 
then only slightly affected while the adjective fast of FACCH remains 
meaningful. When speech is carried the stealing mechanism occurs at a frame 
level. Data frame(s) are then simply lost. 

Table 2 below makes a short comparison between the two stealing mechanism 
possibilities. 
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Steal Bursts 


Steal Frame(s) 


FACCH Interleaving 


; fixed - 4 bursts 


same as TCH ore 


| FACCH Modulation 


GMSK 


same as TCH one 


Effect on data 


ciipping / reduced qualify 


ciipping 


FACCH Delay 


Fixed 


depends on the TCH 
interleaving 



Table 2. Stealing Mechanisms 



5 The method of providing the FACCH is dependent upon the type of channel 
from which the stealing mechanism operates. These will either be data 
channels or speech channels. 

A full rate data channel could either use 8PSK or GMSK modulation. For both 
10 of them existing solutions are included in GSM specifications and therefore are 
reused for GERAN. Note that when 8PSK modulation is used, the question 
which modulation to use to transmit FACCH arises. EECSD studies have shown 
that taking into account the performance results and the robustness of the 
FACCH identification the preferred solution is to map the FACCH over four full 
15 consecutive GMSK bursts. 

•A half rate data channel can only use GMSK modulation in order to reuse 
existing solutions included in. GSM specifications. New 8PSK half rate data 
channels could be used but are not preferable. On the other hand a full rate 
20 speech channel can either use 8PSK or GMSK modulation. For GMSK 
modulation the FACCH mapping follows existing solutions described in GSM 
specifications (stealing frames). For 8PSK modulation the stealing mechanism 
can take place at two different levels (burst or frame) as shown in Figure 5. A 
comparison of both mechanisms is made in Table 3. 



25 



WO 01/61899 




PCT/EP01/01839 



23 



FACCH 




Steal Frame 


Modulation 


GMSK 


8PSK 


code rate 


0.4 


0.14 

1 


interleaving depth 


4 


8 


effect on speech 


40ms of reduced quality 
(enough channel coding io 
recover data) 


20ms clipping 



Table 3. FACCH stealing mechanism comparison for 8PSK FR Channels 

5 Figure 5 shows a part of multi-frame 50 for a full rate speech channel which 
consists of consecutive TDMA frames 51 0-17. Each formed by eight burst 
periods 52 or timeslots. Each burst period consists of 156.25 bit as described 
above. These include two 57 bit information bits otherwise known as two 57 bit 
frames 53 or data bursts. Thus each timeslot 52 includes two 57 bit data bursts 
10 53 each positioned at a corresponding portion of the timeslot 52. Put another 
way each 156.25 bit burst period includes two 57 bit frames 53. When an 
urgent action requires rapid handover or channel reassignment the FACCH can 
either steal four consecutive burst periods in order to provide the data to control 
such urgent action or can steal eight bit frames from consecutive burst periods. 
. 15 In the case of stealing bit frames a diagonal interleaving policy is adopted to 
maintain information integrity. By stealing bit frames (or data bursts) rather 
than whole burst periods (or time slots) in this way the effect of audible speech 
being transferred on the open channel can be minimised as may be seen more 
clearly in Table 3. 

20 

Figure 6 illustrates a stealing mechanism for use with a half rate speech 
channel. For such a channel either 8PSK or GMSK modulation techniques are 
available. For GMSK modulation FACCH mapping can follow existing mapping 
solutions as described in GSM specifications as is well known. 

25 

For 8PSK modulation the stealing mechanism necessary to provide the FACCH 
can take place at two different levels (burst or bit frame) as shown in Figure 6. 
Figure 6 shows a part of multi-frame 60 consisting of a stream of consecutive 
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TDMA frames 61 0-17 each of which includes eight burst periods 62 (or time 
slots). For a half rare channel the channel will be divided into sub-channels 
each of which sub-channels will consist of burst periods in the same time slot in 
approximately every other TDMA frame. In Figure 6 the channel transfers 
5 speech using the burst periods 61«. When an urgent action occurs which 
requires rapid handover or channel reassignment the FACCH can optionally 
steal four consecutive bursts 63o-o on consecutive frames or non-consecutive 
frames. In stealing consecutive bit frames the two frames from each of two 
consecutive burst periods are utilised. In the case of stealing frames a 
10 diagonal interleaving policy is adopted where possible. Table 4 shows the 
effects on speech of the three separate stealing mechanism and also sets out 
their other characteristics. 



FACCH 


Steal Bursts 


Steal Frames 


Steal non 
consecutive Frames 


modulation 


GMSK 


8PSK 


8PSK 


code rate 


0.4 


0.14 


0.14 


interleaving depth 


4 


6 


8 


effect on speech 


60ms clipping 

(not enough channel 
coding to recover data) 


40ms clipping 


20ms clipping + 
20ms clipping 


Other 






delay +20ms 



15 

Table 4. FACCH stealing mechanism comparison for 8PSK HR Channels 



Figure 7 illustrates the stealing mechanism for a quarter rate speech channel. 
The preferable modulation which fits two quarter rate channels is the 8PSK 
20 modulation. The stealing mechanism can take place at two different levels 
(burst or frame) as shown in Figure 6. In order to increase the interleaving 
depth (thus link level performance) one solution to consider is to steal two non- 
consecutive frames. A comparison of the three mechanisms is made in Table 
5. 



25 



FACCH Steal Bursts 



Steal Frames I Steal non consecutive 
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| Frames 


modulation 


GMSK j 8PSK 8PSK j 


code rate 


0.4 


0.14 


0.14 ] 


interleaving 
depth 


4 


5 


8 ! 


effect on 
speech 


100ms clipping 

(not enough cMannei 

coding to recover data) 


30ms clipping 


20ms clipping + 
20ms clipping + 
20ms clipping + 
20ms clipping 


other 






delay +60ms 



Table 5. FACCH stealing mechanism comparison for 8PSK QR Channel 



Figure 7 shows a part of multi-frame 70 which is part of an ongoing information 
5 stream carrying speech traffic. The multi-frame consists of a stream of 
consecutive TDMA frames 71 0-17. For a quarter rate channel the channel will 
be divided into sub-channels each consisting of burst periods in the same time 
slot in approximately every fourth TDMA frame (in fact in TDMA frames 
71 0,4.8.13.17- When an urgent action necessitates rapid handover or channel 
10 reassignment the FACCH can optionally steal four consecutive bursts from the 
sub-channel (i.e. the burst periods from TDMA frame 71 0,4.8,13) or consecutive 
frames from the consecutive burst periods (i.e. the second frame from the burst 
period in TDMA frame 71 0 , both frames from the burst periods in TDMA frame 
7I4.3.13, and the first frame from the burst period in TDMA frame 71 17 or non- 
15 consecutive frames from consecutive burst periods (which would require more 
TDMA frames than shown in Figure 7). Effects and characteristics provided by 
the FACCH stealing mechanism for the quarter rate speech channel are shown 
in Table 5. 

20 ACCHs associated to packet traffic channels (PACCH) differ from ACCHs 
associated to circuit switched traffic channels. The PACCH requires explicit 
resources allocation while SACCH is implicitly given one time slot every 120 ms 
(26 TDMA frames). Besides there is no FACCH approach needed since every 
single packet can carry either user data or signalling, the different being made 

25 through the RLC/MAC headers. 
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For background and interactive traffic classes where no real time constant data 
flow is needed PACCH blocks can be inserted anywhere. But when it comes to 
conversational and streaming traffic classes a constant data flow is required. 
5 Unfortunately because of the 52 multi-frame structure the mapping of such 
traffic type will not provide any free block for PACCH purposes. As an example 
consider a full rate speech packet traffic channel. On one hand every 52 
TDMA frames 12 block are available. On the other hand every 52 TDMA 
frames (240 ms) 12 speech frames (20 ms) need to be transmitted. Therefore 
10 each block shall carry one speech frame. Consequently there is no block 
available for ACCH. The same occurs when two half rate packet voice users 
are multiplexed on the same packet traffic channel. 

However the timing advance and power control mechanisms do not use the 
15 PACCH. In addition since the cell reselection can be MS controlled it is not 
always necessary to transmit measurement reports in the uplink. One option is 
therefore a mechanism by which an MS sends a list of desired cell candidates 
only when handover is required. Consequently a PACCH rate as high as one 
in every 480 ms may not be needed in packet mode. Thus for the 
20 conversational and streaming traffic classes the PACCH should be able to steal 
one speech block when needed. In order to reduce the effects on the end user 
perceived quality, PCU could try to fill silent periods v/ith PACCH blocks. 

Nevertheless it is awkward to always have to steal voice packets in order to 
25 transmit control information. Therefore for conversational and streaming traffic 
classes the circuit switched approach should be followed as described 
hereinbelow. 

Figure 8 shows a full rate packet channel (PCH/F) 80 which consists of two 
30 multi-frames 81 0> i. Each multi-frame includes 26 TDMA frames 82o-25 and 82 2 e- 
si. Each of the TDMA frames includes eight burst periods which are used to 
carry data (D). A data channel is provided by a corresponding burst period in 
each of the TDMA frames. In each multi-frame 24 TDMA frames are used to 
transfer packet switched data D. One TDMA frame is used as the packet 
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switched traffic control channel (PTCCH) whilst the remaining burst period is 
left idle. 

Figure 9 illustrates a half rate packet channel (PCH/H). Two sub-channels 90, 
5 91 are shown each of which is provided via a pair 92 0 .1 and 93 0 .1 of multi- 
frames. Sub-channel 90 is formed by burst periods D in approximately every 
other TDMA frame 94 0 -5i. Likewise sub-channel 91 is formed via 
corresponding burst periods D in approximately every other TDMA frame 95 0 -5i- 
The two sub-channels are constructed so that the burst periods in each are 
10 offset from one another. Thus TDMA frame 94 0 is used for sub-channel 90, 
TDMA frame 95i is used for sub-channel 91, TDMA frame 94 2 is used for sub- 
channel 90 and TDMA frame 95 3 is used for sub-channel 91 etc. 

The PTCCH is provided for sub-channel 90 in TDMA frames 94i 2 and 94 3 8- 
15 The PTCCH is provided for sub-channel 91 in TDMA frames 95 2 s and 95 5 i- It 
will be understood by those skilled in the art that although sub-channels 90 and 
91 are shown for illustrative purposes as four separate multi-frames 92 0l i and 
93o,i they really represent only two interlinked consecutive multi-frames. 

20 Using such a half rate packet channel (PCH/H) allows multiplexing on the same 
time slot with a half rate circuit switched channel (TCH/H). 

Another way to consider a half rate packet channel would be to allocate one 
every two blocks (for bursts) within a PCH/F. However from the physical layer 
25 point of view it would look like a PCH/F and therefore could not be multiplexed 
with a TCH/H. Packets are mapped by following a granularity of four 
consecutive bursts. In other words packets can either be four or eight bursts 
long. 

30 With the above-mentioned full, half and quarter rate channels the following are 
the possible ways in which channels can be combined onto basic physical 
channels. Numbers appearing in parentheses after channel designations 
indicate sub-channel numbers. 
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i) 


TCH/F 






") 


PCH/F 






iii) 


TCH/H (0) 


+ TCH/H (1) 




iv) 


TCH/H (0) 


+ PCH/H (1] 




v) 


PCH/H (0) 


+ TCH/H (1) 




vi) 


PCH/H (0) 


+ PCH/H (i; 




vii) 


TCH/Q (0) 


+ TCH/Q (1) 


+ TCH/Q (2) + TCH/Q (3) 


viii) 


TCH/Q (0) 


+ TCH/Q (1) 


+ TCH/H (1) 


ix) 


TCH/H (0) 


+ TCH/Q (2) 


+ TCH/Q (3) 


x) 


TCH/Q (0) 


+ TCH/Q (1) 


+ PCH/H (1) 


xi) 


PCH/H (0) 


+ TCH/Q (2) 


+ TCH/Q (3) 



Figure 10 shows how the various modes of a user plane protocol stack suitable 
for conversational traffic and use with the GERAN are configured. The protocol 

15 stack 100 includes a packet data convergence protocol (PDCP) layer which 
corresponds to the application layer of the well known UMTS stack model and 
contains three modes 102, 103 and 104 which are non-transparent with header 
removal, non-transparent with header adaptation and framing and non- 
transparent with framing respectively. The transparent modes provide error 

20 protection only via Forward Error Correction (FEC). On the other hand non- 
transparent modes provide additional protection via ACK (ACKnowledge 
mode). The RTP/UDP/IP header can be removed or adapted. 

The protocol stack 100 also includes a radio link control (RLC) layer 105 which 
25 corresponds to the UMTS stack network layer and includes modes 106, 107 
and 108 which are transparent with LA-ciphering, unacknowledged with 
segmentation, link adaptation (LA) and ciphering and unacknowledged with 
segmentation, link adaptation (LA), forward error correction (FEC) and 
ciphering respectively. 

30 

The protocol stack also includes a media access control (MAC) layer 109 which 
includes two modes 110 and 111 which are for dedicated and shared channels 
respectively. For dedicated channels no user ID is included allowing only one 
user per channel however when DTX occurs data packets from the same user 
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can be transmitted. In shared mode the same channel can be shared between 
several users. 

The protocol stack also includes a physical layer (PHYS) 112 which includes 
two modes 113 and 114 which are for circuit switched (TCH) and packet 
switched channels (PCH) respectively. The physical layer allows for GMSK or 
8PSK modulation in order to convert channel coded speech or data into a type 
suitable for transmission over the radio channel. Various channel coding 
strategies can also be implemented to protect data integrity such as UEP and 
EEP. Rectangular and diagonal interleaving at a depth of 2. 4, 8 or 19 can also 
be introduced to aid data integrity. 
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Table 7. Conversational Radio Access Bearers 
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The first radio access bearer A supports operational scenario (OS) 1 which is 
the permanent allocation of a channel to a voice call (conversational traffic 
class) without multiplexing capabilities. This provides optimised adaptive multi- 
write (AMR) speech reusing the data link layer from GSMCS mode. The 
mapping follows Figures 2, 3 or 4 depending upon the channel rate, i.e. full rate 
TCH/F, half rate TCH/H or quarter rate TCH/Q. Various coding strategies such 
as UEP, TCH/AFS, E-TCH/AFS. E-TCH/AHS and E-TCH/AQS can also be 
provided for. This radio access bearer utilises FACCH and SACCH signalling 
mapping as described hereinabove. 



The second radio access bearer B of Table 1 supports OS1 and also OS2 
which is the permanent allocation of a channel to a voice call (conversational 
traffic class) and multiplexing of best effort data from the same user 
(background traffic class). This bearer B is provided by using the transparent 

15 mode 102 in the PDCP layer 101 with header removal, transparent mode 106 
in the RLC layer 105 with link adaptation (LA) and ciphering dedicated mode 
110 in the MAC layer 109 and circuit switched mode 113 in the physical layer 
112. The bearer provides optimised AMR speech. The coding and signalling 
are equivalent to the bearer A but the protocol stack is different allowing for the 

20 support of OS2 thanks to the MAC layer. The mapping follows Figures 2. 3 or 
4 depending upon the channel rate. It is possible to fit best effort data packets 
from the same user within silent periods. 

The third radio access bearer C of Table 6 likewise supports OS1 and OS2. 

25 This bearer is provided by using the non-transparent mode 103 in the PDCP 
layer 101 with header stripping as an adaptation and including framing which 
includes segmentation and addition of a header. The transparent mode 106 in 
the RLC layer 105 with LA and ciphering and dedicated mode 110 in the MAC 
layer 109 are also used. The circuit switched mode 113 is utilised in the 

30 physical layer in either full, half or quarter (TCH (F/H/Q)) rate depending upon 
the channel rate required. The bearer provides optimised AMR speech with 
header stripping. In addition to SACCH and FACCH control channels the 
bearer uses an embedded associated control channel (MACH) as described In 
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Finnish Patent application number 20000415 filed en 23.02.2000, which is 
incorporated herein by reference. The mapping follows Figures 2, 3 or 4 
depending upon the channel rate. It is possible to fit best effort data packets 
from the same user within silent periods. 

5 

The fourth radio access bearer D or Table 5 supports OS3 which is the 
permanent allocation of a channel to a voice call (conversational traffic class) 
and multiplexing of best effort data from different users. OS4 is also supported 
which is the allocation of a channel to more than one voice user (and/or data 

10 users) in a dynamic manner. The bearer is provided by the non-transparent 
mode 103 with header stripping and framing from the PDCP layer 101. The 
unacknowledged mode 107 from the RLC layer 105 is also used which 
provides segmentation, LA and ciphering. The shared mode 1 1 1 from the MAC 
layer 109 is utilised as is the packet switched mode 114 from the physical layer 

15 112. By configuring the protocol stack in this manner a generic conversational 
radio access bearer D is produced. The mapping follows the scheme shown in 
Figures 8 and 9 depending upon the channel rate required. In order to benefit 
from longer interleaving two speech frames are encapsulated within one radio 
block. 

20 Figure 11 shows the protocol stack 100 for streaming radio access bearers. 
The protocol stack includes the same modes and layers as those of Figure 10 
but the routing and selection of the modes is different. The blocks shown via a 
dotted line are not used. The data link layer 115 is taken from the GSMCS 
mode and therefore allows the use of a existing circuit switched data channels. 

25 The paths through the protocol stack as indicated by the arrows in Figure 11 
are detailed in Table 7. The operational scenarios are not applicable in the 
context of streaming radio access bearers. 
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Five radio access bearers A to E are defined for streaming radio access 
bearers. The first of these labelled A is provided for optimised streaming 
reusing the data link layer 115 from the GSMCS mode. The bearer A uses 
depth 19 diagonal interleaving for a full rate circuit switched traffic channel 
5 which can be either GMSK or 8PSK modulated. The coding scheme for these 
two alternatives is different as are the signalling mapping schemes. When 
GMSK modulation is used FACCH and SACCH control channels are used 
together with TCH/F14.4 and F9.6 coding This is a traffic channel for data 
transmission specified in the 05.02 GSM specification. The numbers 

10 correspond to the bit rate : 14.4 kbit/s and 9.6 kbit/s respectively. When 8PSK 
modulation is used on the traffic channel FACCH and SACCH control channels 
are supported together with E-IACCH/F. These allow for E-TCH/F28.8, 32.0 or 
43.2 coding to be used. Here the numbers correspond to the bit rate of each 
coding scheme, i.e. respectively 28.8kbit/s, 32kbit/s and 43.2 kbit/s. These 

15 coding schemes are used for ECSD (Edge Circuit Switched Data service) as 
equal error protection. 

The second streaming radio access bearer B utilises the transparent mode 102 
in the PDCP layer 101 of the protocol stack. The transparent mode 106 from 
the RLC layer 105 is also used together with the dedicated mode 110 in the 

20 MAC layer 109. The physical layer 1 12 is configured to provide circuit switched 
channels using a depth 19 diagonal interleaving policy. By either using GMSK 
or 8PSK modulation on the channel to retain data integrity various coding and 
signalling mapping policies can be implemented as may be seen in Table 7. 
The coding and signalling is equivalent to A but the protocol stack is different 

25 configured. The signal mapping follows Figures 2. 3 and 4 depending upon the 
channel rate. 

The third streaming radio access bearer C utilises the non-transparent mode 
103 from the PDCP layer of the protocol stack. Additionally the headers are 
adapted by stripping and then framing is carried out. The protocol path is then 
30 configured to use the unacknowledged mode 107 in the RLC layer 105 
including segmentation. LA and ciphering. The dedicated mode 110 from layer 
109 is also utilised. Various options are then available for channel operation as 
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set out in Table 7. This provides optimised streaming with header stripping. 
The mapping follows Figures 2, 3 and 4 depending on channel rate. 

The fourth streaming radio access bearer D provides optimised streaming with 
header compression. Bearer D utilises the non-transparent mode 103 in the 
5 PDCP layer of the protocol stack including header compression and framing. 
The unacknowledged mode 107 is also used from the RLC layer 105 together 
with segmentation LA and ciphering. The MAC layer 109 is configured to 
operate in dedicated mode 110 whilst the physical layer 112 is configured to 
operate in circuit switched mode 113. The various interleaving, modulating, 
10 coding and mapping protocols which can be implemented are shown in Table 
7. 

The fifth streaming radio access bearer E provides an generic streaming radio 
access bearer. The protocol stack- is configured as shown in Table 7 and 
Figure 11. The non-transparent mode 103 in PDCP layer 101 is selected and 

15 is configured for headers compression and framing. The unacknowledged 
mode 107 is utilised in the RLC layer 105 together with segmentation, LA and 
ciphering. The shared 111 is used from the MAC layer 109. The packet 
switched mode 114 is selected from the physical layer. By configuring the 
protocol stack in this way the various options for traffic channels set out in 

20 Table 7 are available. This bearer utilises PACCH and PTCCH control 
channels as described hereinabove. The mapping follows Figures 2, 3 or 4 
depending upon the channel rates. In order to benefit from longer interleaving 
two speech frames are encapsulated within one packet. However only one 
data frame can be encapsulated. 

25 Figure 12 shows the protocol stack for interactive radio access bearers. The 
protocol stack includes the same modes and layers as those of Figure 10 but 
the routing and selection of the modes is different as indicated via the arrows 
which indicate the path of the possible bearers. The blocks or modes shown 
via a dotted line are not used. The paths indicated by the arrows are detailed 

30 in Table 8. Only two radio access bearers are provided and these are labelled 
A and B. 
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Table 8. Interactive Radio Access Bearers 

5 The first of these A is produced via mode 103 of PDCP layer 101, which is a 
non-transparent mode which adapts the header via compression and framing 
techniques. The acknowledged mode 108 is chosen from the RLC layer 105 
together with segmentation, LA and ciphering and backward error correction 
(BEC). The shared mode 111 of the MAC layer 109 in the protocol stack is 
10 also implemented. Packet switched traffic channels are used with full or half 
rate channels being used depending upon the channel rate required as shown 
in Figures 2, 3 or 4. PACCH and PTCCH channels can be used as described 
hereinabove. The reference to operational scenarios is not relevant to 
interactive access bearers. 

15 

The second interactive bearer B is implemented in a similar manner however 
the PDCP mode which is adopted does not use header compression. This 
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bearer provides a generic interactive radio access bearer. i he channel 
mapping follows Figures 2, 3 or 4 depending upon the channel rate. 

Figure 13 illustrates the protocol stack for background radio access bearers. 
The protocol stack includes the same modes and layers as those shown in 
Figures 10, 11 and 12 but utilises different modes of them via a different routing 
method as shown via the arrows. The blocks shown via a dotted line are not 
utilised. The paths shown by the arrows in Figure 13 are described in more 
detail in Table 9. Four background radio access bearers A to D are defined. 
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Table 9. Background Radio Access Bearers 
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The first of these A of Table 9 is provided by selecting the non-transparent 
mode 103 from the PDPC layer 101 together with header compression and 
framing. The RLC layer 105 is configured using the acknowledged mode 108 
which allows for segmentation, LA, ciphering and SEC. The MAC layer 109 is 
implemented using a dedicated channel structure by selecting mode 110. 
Circuit switched channels are then used by selecting modes TCH. This fulfils 
OS2 and provides packet transmission within silent periods of the circuit 
switched channels. Best effort data (or background) with header compression 
within OS2 is provided. The control associated to the packet data is carried out 
by the associated control channels of the speech traffic channel (FACCH and 
SACCH). Best effort data packets are mapped onto four consecutive bursts. 

The second background radio access bearer (B of Table 9) is implemented as 
shown in Table 9 using the non-transparent mode 104, acknowledged mode 
108, dedicated mode 110 and circuit switched mode 113. This also provides 
packet transmission within silent periods but best effort data (or background) 
without header compression within OS2. The control associated to packet data 
is carried out by the associated control channels of the speech traffic channel 
(FACCH and SACCH). Best effort data packets are mapped onto four 
consecutive bursts. 

The third background radio access bearer (C of Table 9) is implemented using 
the non-transparent mode 103 of PDCP layer 101, the acknowledge mode 108 
of RLC layer 105, the shared mode 111 of MAC layer 109 and the packet 
switched mode 114 of the physical layer 112. The bearer implements OS3 and 
OS4 and provides a background radio access bearer with header compression. 

The fourth background radio access bearer (D of Table 9) provides a generic 
background radio access bearer. This is implemented using the non- 
transparent mode 104 of the PDCP layer 101, the acknowledged mode 108 of 
the RLC layer, the shared mode 111 of the MAC layer 109 and the packet 
switched mode 1 14 of the physical layer 112. The mapping follows Figure 2, 3 
or 4 depending upon the channel rate and the bearer supports OS3 and OS4. 
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The possible associated control channels needed for GERAN have now been 
described. These depend on the kind of traffic channel used over the interface. 
For packet traffic channels PACCH clearly fulfils the signalling requirements for 
background .and interactive traffic classes. However when conversational and 
streaming traffic classes are considered the only way to transmit PACCH is to 
steal voice packets. The influence on voice quality might be reduced. 
However since TA and PC updates does not use PACCH and since 
measurement reports can be limited, PACCH traffic could be reduced. 
Nevertheless it is advantageous to reuse existing circuit switched traffic 
channels where more efficient associated control has been defined. 

For circuit switched traffic channels SACCH and FACCH accommodate the 
signalling requirements of streaming and conversational traffic classes. 

Embodiments of the present invention take place in GERAN which means that 
the physical layer is mainly connected to the packet switched core network but 
can also be connected to the circuit switched core- network. Previously there 
has been on the one hand a circuit switched air interface (TCH + SACCH + 
idle) connected to a circuit switched core network (through the A interface) and 
on the other hand a packet switched air interface (PDTCH + PTCCH + idle i.e. 
PDCH) connected to a packet switched core network (through Gb interface). 
Embodiments of the present invention allow the circuit switched air interface to 
be connected to a packet switched core network (through Gb or lu-ps 
interfaces), and allow the circuit switched air interface to support packet data 
(not only TCH) and therefore to be also connected to a packet switched core 
network (through Gb or lu-ps interfaces). Thereby one possible combination 
over the circuit switched air interface will be PDTCH + SACCH + idle. In case 
of OS2 a possible combination will be TCH + PDTCH + SACCH + idle. Where 
a communication system according to the present invention can be 
implemented. 

GERAN is used as an example of a system where a communication system 
according to the present invention can be implemented. The systems and 
methods described herein according to the invention are not restricted however 
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to those used in GSM or in EDGE; a system or method according to the 
invention can be applied also in other radio networks. 

GERAN is used as an example of a system where a communication system 
according to the present invention can be implemented. 

It will be understood by those skilled in the art that the present invention is not 
limited to the above examples but rather modifications could be made without 
departing from the scope of the present invention. 
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Annex A - Contents of Associated Control Channels 
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Packet Uplink Assignment - downlink 




EGPRS Packet Uplink Assignment - downlink 




Packet Timeslot Reconfigure - downlink 




EGPRS Packet Timeslot Reconfigure - downlink 
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CLAIMS 

1. A communications system comprising a first station capable of 
communication with a second station over a wireless channel, data being 
carried over the wireless channel in superframes, each superframe comprising 
a plurality of frames and each frame comprising a plurality of timesiots; 

the system having: 

a first mode of operation in which a full rate data channel for circuit 
switched communications is defined by the allocation to that data channel of 
corresponding time slots in each frame; 

a second mode of operation in which two half rate data channels 
for circuit switched communications are defined by the allocation to each of 
those data channels of an equal number of corresponding time slots of frames 
in each superframe; and 

a third mode of operation in which four quarter rate data channels 
for circuit switched communications are defined by the allocation to each of 
those data channels of an equal number of corresponding time slots of frames 
in each superframe. 

2. A communication system as claimed in claim 1 , further comprising: 

a fourth mode of operation in which a full rate data channel for 
packet switched communication is defined by the allocation to that data 
channel of corresponding time slots in each frame; 

a fifth mode of operation in which two half rate data channels for 
packet switched communications are defined by the allocation to each of those 
data channels of an equal number of corresponding time slots of frames in 
each superframe. 

3. A communication system as claimed in claim 1 or 2, wherein equal numbers 
of time slots in each frame are allocated to the data channel for circuit switched 
communications and the data channel for packet switched communications. 



4. A communication system as claimed in claim 1 or 2, wherein half the 
number of slots that are allocated to the data channel for packet switched 
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communications are allocated to the data channel for circuit switched 
communications. 

5. A communication system as claimed in claim 1 or 2, wherein a quarter of the 
number of slots that are allocated to the data channel for packet switched 
communications are allocated to the data channel for circuit switched 
communications. 

6. A communication system as claimed in any preceding claim, wherein the 
data channel for circuit switched communications is a half rate data channel. 

7. A communication system as claimed in any preceding claim, wherein the 
data channel for circuit switched communications is a quarter rate data 
channel. 

8. A communication system as claimed in any preceding claim, wherein the 
data channel for packet switched communications is a half rate data channel. 

9. A communication system as claimed in any preceding claim, wherein control 
data for control of the data channel for packet switched communications is 
carried by the data channel for circuit switched communications. 

10. A communication system as claimed in claim 9. wherein the control data is 
for control of transmission power and/or handover of the channel, link 
adaptation. 

11. A communication system as claimed in claim 9 or 10, wherein the control 
data comprises a fast associated control channel and/or a slow associated 
control channel. 

12. A communication system as claimed in any preceding claim, wherein the 
data channel for circuit switched communications is a conversational channel. 
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13. A communication system as claimed in any of claims 1 to 12, wherein the 
data channel for circuit switched communications is a background channel. 

14. A communication system as claimed in any preceding claim, wherein the 
data channel for packet switched communications is allocated time slots during 
periods when the data channel for circuit switched communications is relatively 
inactive. 

15. A communication system as claimed in claim 14, wherein the data channel 
for packet switched communications is allocated time slots during lulls in 
speech data being carried by means of the data channel for circuit switched 
communications. 

16. A communication system as claimed in claim 1, wherein the wireless 
channel comprises a circuit switched air-interface, data being carried over said 
circuit switched air-interface via circuit switched data and packet data. 

17. A communication system as claimed in claim 16, wherein said circuit 
switched air interface is connectable to a packet switched core network. 

18. A communication system as claimed in any preceding claim, wherein the 
circuit switched channel is capable of operation via a circuit switched core 
network of the communication system. 

19. A communication system as claimed in any preceding claim wherein the 
packet switched channel is capable of operation via a packet switched core 
network of the communication system. 

20. A communication system as claimed in any preceding claim wherein the 
circuit switched channel is capable of operation via a packet switched core 
network and a circuit switched core network of the communication system. 

21. A communication system comprising a first station capable of 
communication with a second station over a wireless channel, data being 
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carried over the wireless channel in superframes, each superframe comprising 
a plurality of frames and each frame comprising a plurality of timeslots; 
the system having a mode of operation in which a data channel for circuit 
switched communications is defined by the allocation to that channel of 
corresponding time slots of some of the frames of each superframe, and a data 
channel for packet switched communications is defined by the allocation to that 
channel of corresponding time slots of other of the frames of each superframe. 

22. A communication system as claimed in claim 21, wherein equal numbers 
of time slots in each frame are allocated to the data channel for circuit switched 
communications and the data channel for packet switched communications. 

23. A communication system as claimed in claim 21, wherein half the number 
of slots that are allocated to the data channel for packet switched 
communications are allocated to the data channel for circuit switched 
communications. 

24. A communication system as claimed in claim 21, wherein a quarter of the 
number of slots that are allocated to the data channel for packet switched 
communications are allocated to the data channel for circuit switched 
co m m u n i cati o n s . 

25. A communication system as claimed in of claims 21 to 24, wherein the 
data channel for circuit switched communications is a half rate data channel. 

26. A communication system as claimed in any of claims 21 to 25, wherein the 
data channel for circuit switched communications is a quarter rate data 
channel. 

27. A communication system as claimed in any of claims 21 to 25, wherein the 
data channel for packet switched communications is a half rate data channel. 
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28. A communication system as claimed in any of claims 21 to 26, wherein 
control data for control of the data channel for packet switched communications 
is carried by the data channel for circuit switched communications. 

29. A communication system as claimed in any of claims 21 to 28, wherein the 
control data is for control of transmission power and/or handover of the 
channel. 

30. A communication system as claimed in claim 28 or 29, wherein the control 
data comprises a fast access control channel and/or a slow access control 
channel. 

31. A communication system as claimed in any of claims 21 to 30, wherein the 
data channel for circuit switched communications is a conversational channel. 

32. A communication system as claimed in any of claims 21 to 30, wherein the 
data channel for circuit switched communications is a background channel. 

33. A communication system as claimed in of claims 21 to 32, wherein the 
data channel for packet switched communications is allocated time slots during 
periods when the data channel for circuit switched communications is relatively 
inactive. 

34. A communication system as claimed in claim 33, wherein the data channel 
for packet switched communications is allocated time slots during lulls in 
speech data being carried by means of the data channel for circuit switched 
communications. 

35. A communication system as claimed in any of claims 21 to 34, wherein the 
circuit switched channel is preferably capable of operation via a circuit switched 
core network of the communication system. 

36. A communications system comprising a first station capable of 
communication with a second station over a wireless channel, data being 



WO 01/61899 




PCT7EP01/01839 



carried over the wireless channel in superframes, each superframe comprising 
a plurality of frames and each frame comprising a plurality of timeslots; 
the system having: 

a first mode of operation in which a full rate data channel for packet 
switched communications is defined by the allocation to that data channel of 
corresponding time slots in each frame; 

a second mode of operation in which two half rate data channels 
for packet switched communications are defined by the allocation to each of 
those data channels of an equal number of corresponding time slots of frames 
in each superframe. 

37. A communication system as claimed in claim 35, wherein the or each full 
or half rate data channel for packet switched communications is a streaming, 
interactive or background channel. 

38. A communication system as claimed in claim 36 or 37, wherein the or each 
full, half or quarter rate data channel for circuit switched communications is a 
conversational channel. 

39. A communication system as claimed in any preceding claim wherein 
said system has a mode of operation in which said wireless channel comprises 
first and second sub-channels; 

said first sub-channel comprising a half rate data channel for circuit 
switched communication; and 

said second sub-channel comprises a half rate data channel for 
packet switched communication. 

40. A communication system as claimed in any of claims 1 to 39 wherein 
said system has a mode of operation in which said wireless channel comprises 
first, second, third and fourth sub-channels each comprising a quarter rate data 
channel for circuit switched communication. 
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41. A communication system as claimed in any one of claims 1 to 39 
wherein said system has a mode of operation in which said wireless channel 
comprises first, second and third sub-channels; 

said first sub-channel comprising a quarter rate data channel for 
circuit switched communication; 

said second sub-channel comprises a quarter rate data channel for 
circuit switched communication; and 

said third sub-channel comprises a half rate data channel for 
packet switched communication. 

42. A communication system according to any one of claims 1 
to 39 wherein said system has a mode of operation in which said wireless 
channel comprises first, second and third sub-channels; said first sub-channel 
comprising a quarter rate data channel for circuit switched communication; 

said second sub-channel comprises a quarter rate data channel for 
circuit switched communication; and 

said third sub-channel comprises a half rate data channel for 
packet switched communication. 
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